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1 Abstract
2 Background: This study examined how manipulating meal frequency, with and without 
3 exercise, affects postprandial triacylglycerol (TAG). Methods: Fourteen sedentary men 
4 completed four 2-day trials in a non-counterbalanced random crossover order: (i) consumption of 
5 one large high fat milkshake without exercise (1-CON); (ii) consumption of two smaller high fat 
6 milkshakes without exercise (2-CON); (iii) consumption of one large high fat milkshake with 
7 exercise (1-EX); and (iv) consumption of two small high fat milkshakes with exercise (2-EX) –
8 total energy intake was standardized across trials.  On Day 1, participants rested (1-CON and 2-
9 CON) or walked briskly for 60 minutes (1-EX and 2-EX).  On Day 2, participants consumed 
10 either a single large high-fat milkshake (75% fat) (1-CON and 1-EX) for breakfast or two 
11 smaller iso-energetic milkshakes (2-CON and 2-EX) for breakfast and lunch.  Plasma TAG were 
12 measured fasting and for 7 hours after breakfast.  Results: Peak incremental TAG was 30% 
13 lower on 2-EX than 1-CON (P = .041; d = 0.38).  Postprandial TAG increased more rapidly in 
14 the first 4 hours in 1-CON than other trials, but at 6 hours TAG was exaggerated in 2-CON 
15 compared with 1-CON.  Conclusions: Increasing meal frequency after exercise, without altering 
16 overall fat intake, attenuates postprandial TAG.
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24 Introduction
25 High non-fasting triacylglycerol (TAG) concentrations are an independent risk factor for 
26 cardiovascular diseases.1  The postprandial state represents the habitual metabolic state for most 
27 individuals consuming regular meals each day with the fasted state only occurring in the first 
28 hours of the morning.2,3  Strong experimental evidence supports continuous aerobic exercise as a 
29 strategy to mitigate postprandial TAG responses to a high fat test meal (>50 g fat).4,5  However, 
30 in some studies where meals contained a more moderate fat content (30-50 g fat), exercise was 
31 reported to have a smaller or no effect on postprandial TAG,6,7 although this finding is 
32 inconsistent.8  Timing of meal ingestion in relation to exercise may be one factor explaining the 
33 difference among studies.  Alternatively, the diminished ability of exercise to impact TAG 
34 following meals of moderate fat content may stem from the dose-response relationship between 
35 fat intake and the magnitude of the postprandial response, with the consumption of smaller doses 
36 of fat attenuating the overall response to a single meal.5,9,10
37 Based on the preceding argument individuals could potentially minimize TAG 
38 disturbances by increasing meal frequency and decreasing absolute fat consumption at each 
39 meal.  Such a strategy might suggest little capacity for exercise to further lower postprandial 
40 TAG.  However, TAG clears slowly from the circulation and rarely returns to fasting 
41 concentrations between meals consumed across the waking day.2,7,11,12  Thus, simply consuming 
42 less fat and increasing meal frequency may not attenuate diurnal TAG concentrations.  
43 Moreover, increased meal frequency may actually exaggerate TAG13 by provoking the release of 
44 TAG stored in enterocytes or the lymphatic circulation from the previous meal.14  Alternatively, 
45 lower insulin concentrations with smaller meals could evoke less activity in adipose tissue 
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46 lipoprotein lipase (LPL) - the enzyme responsible for TAG clearance - than large meals, thereby 
47 hydrolyzing circulating TAG at a slower rate for uptake into adipocytes.13 
48 Some studies have investigated the effects of exercise on postprandial TAG responses to 
49 multiple meals.2,7,12,15,16  These demonstrate that exercise reduces postprandial TAG after two or 
50 three meals of moderate or high fat content compared with no-exercise control trials.  In these 
51 investigations much of the reduction in TAG was after the second or third meal which coincides 
52 with the period of maximal TAG extraction by LPL.2,7,12,15  What is presently uncertain is how 
53 the addition of exercise interacts with changes in meal frequency to influence postprandial TAG.  
54 No available studies appear to have compared the role of exercise in response to a single large 
55 high fat meal versus smaller meals equivalent in fat and energy content.  Certainly, if the aim of 
56 lifestyle interventions is to minimize diurnal disturbances in postprandial TAG concentrations 
57 then it is pertinent to examine the interaction between exercise and meal frequency.  
58 Thus, the present study examined how manipulating meal frequency, combined with and 
59 without exercise, affects postprandial TAG concentrations.  To do this we used a simple design 
60 of a single high fat meal, known to substantially elevate postprandial TAG, versus two smaller 
61 isoenergetic fat meals provided 3 hours apart.  We hypothesized that compared with consuming a 
62 single large high fat meal, dividing fat consumption into two smaller meals in the presence of 
63 prior exercise would mitigate the postprandial TAG to the greatest extent compared with two 
64 small meals without preceding exercise or a single large high fat meal with exercise.   
65
66 Material and methods 
67 Recruitment and screening
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68 All procedures took place after university Institutional Review Board approval.  Male 
69 volunteers were recruited by advertisement and provided written informed consent after an 
70 explanation of the procedures involved before testing began.  Participants were screened and 
71 recruited if they met the following criteria: (i) 21 to 35 years; (ii) self-reported body mass was 
72 stable in the previous two months; (iii) body mass index < 25 kg/m2; (iv) engaging in structured 
73 exercise < 2 times per week for < 20 minutes per bout by self-report; (v) no personal history of 
74 cardiovascular disease, diabetes mellitus, metabolic disease or dyslipidemia; (vi) were not 
75 dieting; (vii) were not vegetarian; (viii) were non-smokers; (ix) consumed alcohol < 3 times per 
76 week with < 3 drinks per time by self-report; (x) were not using medications that influence lipid 
77 or carbohydrate metabolism; and (xi) had no joint problems or injuries to the lower body that 
78 affected walking.
79 Stature was measured using an electronic wall-mounted stadiometer to the nearest 0.1 cm 
80 (Seca242, Seca, Germany), body mass was recorded using a scale to the nearest 0.1 kg (Mettler-
81 Toledo ID1 Plus, Mettler-Toledo S.E.A Pte Ltd, Singapore) and umbilical waist circumference 
82 was measured using a flexible measuring tape to the nearest 0.1 cm.  Body composition was 
83 estimated via dual energy X-ray absorptiometry (Hologic Discovery QDR 4500W, Bedford, MA, 
84 USA) and seated blood pressure measured in duplicate using a manual sphygmomanometer 
85 (Empire N, Riester, Germany).  Fourteen participants met the entrance criteria and completed all 
86 trials (Table 1).
87
88 ****Table 1 near here****
89
90 Pre-testing
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91 After screening, participants completed a walking peak oxygen uptake (peak V̇O2) 
92 exercise test using a modified ramp protocol.17  Treadmill speed was constant throughout the test 
93 at 6.5 km/h; whereas the initial gradient was 1% and increased by 1% per minute until volitional 
94 exhaustion.  Expired air was measured continuously throughout the test via a mouthpiece 
95 attached to an automated metabolic cart (Parvomedics MMS-2400, Parvomedics, Sandy, UT, 
96 USA).  Heart rate was monitored using short-range telemetry (Polar RS400, Polar, Oulu, 
97 Finland) and ratings of perceived exertion (RPE)18 assessed periodically during the test.  Data 
98 from the tests were used to establish the individual participant steady-state relationship between 
99 oxygen uptake and treadmill gradient when walking at 6.5 km/h for subsequent use in the main 
100 trials.
101
102 Main Trials
103 Each participant completed four 2-day trials in a non-counterbalanced random crossover 
104 manner determined from a simple random number generator: i) consumption of a single large 
105 meal without exercise (1-CON); ii) consumption of two smaller, isoenergetic meals without 
106 exercise (2-CON); iii) consumption of a single large meal with exercise (1-EX); and iv) 
107 consumption of two smaller, isoenergetic meals with exercise (2-EX).  All trials were separated 
108 by a minimum of 3 days.  Postprandial TAG concentrations rapidly increase in the absence of 
109 recent exercise and return to pre-exercise levels within 48-60 hours after the last bout of exercise 
110 performed.19  Thus, 3 days was considered sufficient washout to prevent any carry-over effects 
111 of exercise on subsequent trials.  On Day 1 of their first visit participants prospectively recorded 
112 their food and drink intake, based on the portion size method, in a diary and, thereafter, 
113 replicated that food intake the day before each subsequent visit.  Participants were asked to avoid 
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114 any physical activity for 48 hours before each visit other than activities of daily living which 
115 were recorded using diaries.
116
117 Day 1
118 On Day 1 participants arrived at the laboratory at 1700; for 1-EX and 2-EX they walked 
119 on a treadmill for 1 hour at 6.5 km/h and a gradient designed to elicit 60% of their peak V̇O2.  
120 Similar exercise intensity and duration has caused reductions in postprandial TAG in a previous 
121 study.20  Heart rate (monitored using short-range telemetry: Polar RS400, Polar, Oulu, Finland) 
122 and RPE18 were assessed every 5 minutes during walking.  In contrast, for CON-1 and CON-2, 
123 participants sat in the laboratory for 60 minutes engaging in passive activities such as working or 
124 reading.  At the end of the hour, they were fed a choice of one of two standardized evening meals 
125 from a commercial food chain (McChicken ®, Fries and Coca-Cola ®: 3.96 MJ, 19 g protein, 34 
126 g fat and 142 g carbohydrate; or Filet-O-Fish ®, Fries and Coca-Cola ®: 3.74 MJ, 19 g protein, 
127 30 g fat, 137 g carbohydrate) which they replicated on all subsequent trials.  Nine participants 
128 chose the first meal and six the second as their option.  Whilst the evening meal replaced the 
129 energy used in walking, the same relative energy deficit between the two exercise and no-
130 exercise trials was maintained, similar to previous investigations.15,16  After the meal participants 
131 were asked to spend the remainder of the evening at home and not to consume any other food or 
132 drinks except plain water ad libitum.
133
134 Day 2
135 On Day 2 participants reported to the laboratory at 0800 where they lay in a supine 
136 position on a bed and a cannula was inserted into an antecubital or forearm vein.  A fasting 6 mL 
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137 blood sample was taken after 10 minutes and participants then consumed either a large (1-CON, 
138 1-EX) or small (2-CON, 2-EX) high fat test milkshake within 10 minutes.  The milkshakes 
139 consisted of Magnolia milk, Emborg whipping cream and Haagen-Dazs vanilla ice cream.  The 
140 single large milkshake provided 1.21 g of fat, 0.62 g of carbohydrate, 0.29 g of protein and 0.061 
141 MJ per kg of body mass.  Energy composition was 75% fat, 17% carbohydrate and 8% protein.  
142 For a 70 kg male, the meal provided 4.26 MJ (1014 kcal).21  On the 2-CON and 2-EX trials, a 
143 second small milkshake was provided 3 hours after the first.  The two small milkshakes each 
144 provided the same relative composition, but half the energy of the single large fat milkshake 
145 (0.60 g fat, 0.31 g carbohydrate, 0.15 g protein and 0.031 MJ per kg of body mass).  Two meals 
146 with the equivalent amount of fat have previously been shown to continuously elevate TAG over 
147 5 hours.7  Further blood samples were taken each hour, for seven hours, after participants started 
148 to consume the first milkshake; the cannula was removed and participants went home after the 
149 final sample. 
150
151 Sample analysis
152 Blood samples were collected into precooled EDTA vacutainers, separated in a 
153 refrigerated centrifuge (Rotina 420R, Andreas Hettich GmbH & Co., Tuttlingen, Germany) and 
154 the plasma stored at -80°C for later analysis.  All samples were analysed for TAG on an Abbott 
155 Architect c4000 Clinical Chemistry Analyzer (Abbott Laboratories, Illinois, USA) using a 
156 glycerol phosphate oxidase method; intra-assay and inter-assay coefficients of variation were < 
157 5%.
158
159 Statistical justification
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160 Power analysis conducted using G*Power v3.1 suggested that for a within subject repeated 
161 measures ANOVA 14 participants would be sufficient to detect, with a power of 0.82 and 5% 
162 alpha, a small effect (f = 0.34) on postprandial TAG concentrations among trials.     
163
164 Calculations and statistics analysis
165 Total area under the plasma TAG concentration versus time curve (AUC-TAG) was 
166 calculated using the trapezium rule22 and the incremental area calculated using the same method 
167 after correcting for fasting concentrations (iAUC-TAG); no values recorded below fasting on all 
168 trials.  Peak TAG was defined as the highest TAG concentration during each trial and time to 
169 peak TAG was recorded.  Peak incremental TAG was calculated as the highest TAG 
170 concentration minus fasting TAG concentration and represents the highest postprandial increase 
171 in TAG.  Peak and AUC responses are important indicators of the maximal increase in and 
172 magnitude of postprandial TAG, respectively, and have been used as indicators of clinical 
173 risk.1,3,11  
174 Data were analyzed using standard statistical software (SPSS Version 23.0, Chicago, IL) 
175 and checked for normality using Shapiro-Wilk tests.  Pre-trial dietary data were compared using 
176 a one-way ANOVA.  Exercise heart rate and RPE (log transformed) were compared between 1-
177 EX and 2-EX trials using a paired t-test.  Fasting and postprandial TAG data were not normally 
178 distributed and a natural log transformation applied to the data.  Fasting TAG, AUC-TAG, 
179 iAUC-TAG, peak TAG, peak incremental TAG and time to peak TAG were compared among 
180 trials using one-way ANOVA.  Postprandial TAG concentrations were compared between trials 
181 and over time using a two-way ANOVA.  When a significant main effect of trial or a trial × time 
182 interaction presented, planned contrasts were conducted between the intervention trials (2-CON, 
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183 1-EX, 2-EX) with control (1-CON).  To determine if there were any confounding variables, the 
184 relationship of AUC-TAG, iAUC-TAG and peak TAG with BMI, waist circumference and body 
185 fat percentage was examined.  The 95% confidence intervals for ratio differences (95% CI) 
186 derived from the log-transformed differences in geometric means are reported.  Cohen’s d was 
187 used as an estimate of effect size for significant differences; calculated by dividing the difference 
188 between the mean values of the intervention and control with the control trial (1-CON) standard 
189 deviation (SD).  In the absence of a clinical anchor, absolute effect sizes of 0.00 – 0.19 were 
190 considered trivial, 0.20 – 0.49 as small, 0.50 – 0.79 as medium and ≥ 0.80 as large.23  Data in 
191 text, tables and figures are reported as mean (SD) and reflect observed (not log transformed) 
192 values.  Significance was set as P ≤ .05.  
193
194 Results
195 Pre-trial dietary intake
196 Energy intake on Day 1 was similar among trials: 1-CON: 8.1 (2.0) MJ; 2-CON: 7.5 (1.8) 
197 MJ; 1-EX: 8.0 (1.8) MJ; 2-EX: 8.3 (2.4) MJ; P = .369.  There were no differences in intake of 
198 protein (1-CON: 58 (17) g; 2-CON: 59 (14) g; 1-EX: 63 (23) g; 2-EX 63 (20) g; P = .549), 
199 carbohydrate (1-CON: 272 (71) g; 2-CON: 244 (62) g; 1-EX: 260 (48) g; 2-EX 270 (80) g; P 
200 = .368) or fat (1-CON: 68 (20) g; 2-CON: 64 (18) g; 1-EX: 72 (24) g; 2-EX 71 (24) g; P = .437) 
201 among trials on Day 1.  
202
203 Walking trials
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204 Mean heart rate (1-EX: 145 (16) b/min vs. 2-EX: 147 (16) b/min; t(13) = -0.778, P 
205 = .451) and RPE (1-EX: 13 (2) vs. 2-EX: 13 (2); t(13) = 0.573, P = .576) during the walking 
206 trials were similar.
207
208 Fasting and summary TAG responses
209 Fasting and summary postprandial TAG responses are presented in Table 2.  Between 
210 trial differences in fasting TAG concentrations were small and non-significant (F(3,39) = 2.198, 
211 P = .104; all d ≤ 0.27).  The mean AUC-TAG was lower by 14%, 17% and 18% on the 2-CON, 
212 1-EX and 2-EX trials, respectively, than 1-CON (F(3,39) = 2.862, P = .049).  Planned contrasts 
213 showed smaller AUC-TAG for 1-EX (P = .041, d = 0.30) and 2-EX (P = .036, d = 0.31) trials 
214 but not the 2-CON (P = .139, d = 0.24) trial compared with 1-CON.  The iAUC-TAG was 17%, 
215 25% and 29% lower on the 2-CON (d = 0.22), 1-EX (d = 0.32) and 2-EX (d = 0.37) trials 
216 compared with 1-CON but there was no significant difference among trials (F(3,39) = 2.605, P 
217 = .065).  The AUC and iAUC for TAG did not correlate significantly with BMI (AUC: r = 
218 0.170-0.406; iAUC: r = 0.081-0.341), waist circumference (AUC: r = 0.057-0.284; iAUC: r = -
219 0.048-0.177) or body fat percentage (AUC: r = 0.111-0.433; iAUC: r = 0.012-0.414) on any trial 
220 (all P > 0.05).
221 Mean peak TAG concentrations were 18%, 20% and 23% lower on the 2-CON, 1-EX and 
222 2-EX trials than 1-CON trial, respectively (F(3,39) = 3.030, P = .041). Planned contrasts showed 
223 significantly lower peak TAG for 2-EX (P = .023, d = 0.37) but not 2-CON (P = .070, d = 0.22) 
224 and 1-EX (P = .067, d = 0.32) trials compared with 1-CON.  Similarly, peak incremental TAG 
225 (Figure 1) differed among trials (F(3,39) = 3.029, P = .041) being 30% lower on the 2-EX (P 
226 = .027, 95% CI: 1.0 to 13.3, d = 0.38) than 1-CON trial but not lower on the 2-CON (P = .092, 
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227 95% CI: -0.9 to 10.3, d = 0.27) and 1-EX (P = .087, 95% CI: -1.0 to 12.5, d = 0.32) trials.  Peak 
228 TAG did not correlate significantly with BMI (r = 0.270-0.362), waist circumference (r = 0.121-
229 0.261) or body fat percentage (r = 0.115-0.362) on any of the trials (all P > 0.05).
230 Time to peak TAG concentration differed among trials (F(3,39) = 5.395, P = .003), with 
231 an extended time to peak of ~1 hour on 2-CON (P = .002) and 2-EX (P = .010) compared with 1-
232 CON.  When examining the no-exercise trials, 9 out of 14 participants took longer whilst 4 
233 participants took the same time to reach peak TAG in 2-CON than 1-CON.  One participant 
234 reached peak TAG in a shorter time on 2-CON than 1-CON.     
235
236 ****Table 2 near here****
237 ****Figure 1 near here****
238
239 Postprandial TAG
240 Two-way ANOVA revealed a significant difference in plasma TAG concentrations 
241 among trials (main effect of trial, F(3,39) = 2.847, P = .050).  Planned contrasts supported lower 
242 TAG on the 1-EX (P = .045; 95% CI: 0.1 to 7.4) and 2-EX (P = .037; 95% CI: 0.3 to 7.5) trials 
243 compared with 1-CON, but not a significant difference between 1-CON and 2-CON (P = .126; 
244 95% CI: -0.8 to 5.8).  The TAG concentrations increased more rapidly in 1-CON over the first 4 
245 hours compared with the other trials, but at 6 hours were elevated on 2-CON compared with 1-
246 CON (trial × time interaction, F(21,273) = 6.200, P < .001).  Subsequent planned contrasts 
247 across individual time points supported these observations (Figure 2).  
248
249 ****Figure 2 near here****
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250
251 Discussion
252 This study demonstrates that apportioning dietary fat into two small meals in the presence 
253 of prior exercise can reduce disturbances in postprandial TAG.  Our data suggest that the 
254 reduction in postprandial TAG results from two factors.  Firstly, less fat intake at the first meal in 
255 combination with exercise mitigated the early TAG response (1 hour) compared with a single 
256 large high fat meal.  Moreover, the peak postprandial TAG was also attenuated, an effect not 
257 seen with a small first meal in isolation or when exercise preceded the single large high fat meal.  
258 Secondly, exercise diminished the extended elevation and exaggeration in TAG that occurred in 
259 response to the second meal in the late postprandial period (6 hours) without exercise (2-CON).  
260 Thus, the combination of smaller, more frequent fat intake along with recent exercise may 
261 represent the optimal strategy for individuals wishing to attenuate diurnal TAG.     
262 Elevations in postprandial TAG are influenced by several factors including the amount of 
263 fat in a meal.3,5  Although increases in postprandial TAG have a direct dose-dependent 
264 relationship with the amount of fat consumed, simply apportioning fat into smaller, more 
265 frequent doses does not necessarily reduce the magnitude of TAG across the day as TAG 
266 concentrations typically do not return to fasting between meals.2,12,24  Moreover, successive 
267 meals lead to further exaggerations in TAG or biphasic peaks in TAG.2,12,15,16,24  This is likely 
268 from triggering the release or outflow of TAG in chylomicrons stored in enterocytes or the 
269 lymphatic circulation from the first meal, or alternatively displacing pre-formed chylomicrons by 
270 newly formed chylomicrons.14  The present study confirmed these observations by demonstrating 
271 that ingestion of a single large milkshake exaggerated TAG concentrations early in the 
272 postprandial period compared with a single small milkshake.  Subsequent ingestion of a second 
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273 small milkshake after 3 hours prolonged TAG appearance in the circulation with higher 
274 concentrations in the late postprandial period (6 hours).  Thus, there was no overall difference in 
275 the postprandial TAG response after consuming the single large and two small milkshakes as 
276 evidenced by the summary TAG measures (AUC and iAUC) and postprandial comparison.  
277 Individuals wishing to minimize TAG perturbations across the day cannot therefore necessarily 
278 rely on the tactic of ingesting smaller amounts of fat across more meals.       
279 The single large milkshake used here probably exaggerated the magnitude and duration 
280 of the postprandial response compared with a normal dietary meal.  Total fat consumed in the 
281 single large milkshake equated to 85 g for a 70 kg male, which is equivalent to a daily intake for 
282 many individuals.3  Most individuals typically consume much less fat than that used in 
283 experimental studies with normal meals containing 20-40 g of fat in the usual daily pattern of 
284 three to four meals,3 which is similar to the two smaller milkshakes used here.  Moreover, 
285 normal meal intake leads to smaller variations in TAG concentrations as opposed to the large 
286 increases observed when a high fat meal is ingested.1,11  Nevertheless, the use of high fat meals 
287 persists in experimental studies to establish differences in TAG concentrations among 
288 individuals and in response to interventions.3,5  It should also be recognized that some 
289 individuals do frequently consume large doses of fat.  For example, in Singapore the average 
290 reported fat intake for men is 103 g/day, but for men in the 90th percentile and above, reported fat 
291 consumption is > 160 g/day, or > 50 g per meal based on a three meal intake frequency.25  Thus, 
292 comparing a single large bolus of fat versus two smaller boluses of fat in this study is still 
293 relevant.  
294 The present study provides a clear experimental comparison between a single large and 
295 two smaller doses of fat equivalent in energy.  Future investigations nevertheless need to 
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296 establish fat responses over several large versus small meals to mimic a full day.  Dose response 
297 studies show that very small amounts of fat, typically < 15g in a meal, have little impact on 
298 altering circulating TAG but larger doses of fat increase TAG in a dose dependent manner.5,9,10  
299 Thus, apportioning fat intake into very small amounts across many meals should limit 
300 disturbances in TAG because each meal provides little challenge in terms of TAG clearance.  
301 However, a previous study in eight obese women found that when they were given food, with a 
302 total energy intake of 6.3 MJ (1500 kcal) and total fat intake of 1.3 MJ (315 kcal), in a three or 
303 six meal pattern, the three meal pattern lead to significantly lower TAG concentrations over a 12 
304 hour day.13  The authors suggested that the higher insulin concentrations observed in the three 
305 meal pattern may have stimulated adipose tissue LPL activity which functions to hydrolyze 
306 circulating TAG for subsequent uptake into the adipocytes.  More investigations are needed to 
307 properly characterize variations in TAG concentrations with multiple meals.                  
308 Continuous aerobic exercise is an effective strategy for reducing postprandial TAG in 
309 response to a single high fat meal4,5 or multiple meals taken throughout the day2,12 and in the 
310 present study exercise attenuated TAG concentrations to the single high fat meal as expected.  
311 The novel finding was that exercise before the two small milkshakes also reduced peak 
312 postprandial TAG, the 3-4 hours postprandial TAG, and mitigated the exaggeration in TAG seen 
313 during the late postprandial period with two meals alone (6 hours).  Aerobic exercise is thought 
314 to reduce circulating TAG via improved clearance, by increasing skeletal muscle LPL activity, 
315 and/or reducing TAG appearance in hepatic very low density lipoproteins.26  
316 Although the mechanism for TAG reduction could not be elucidated here it is notable that 
317 the reductions with the exercise trials were during the later postprandial period (≥3 hours).  This 
318 differs from investigations which have observed differences in fasting TAG with exercise, 
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319 contributing to TAG attenuation during the early postprandial response (<3 hours) as well.16 
320 Several previous studies, where two or three meals were fed after exercise, have reported a 
321 similar finding to ours, with reductions in TAG most notable after the second meal (≥3 h).2,12,15 
322 That TAG attenuations with exercise are apparent late in the postprandial period corresponds 
323 with peak concentrations and the period of maximal TAG extraction from the circulation.12  In 
324 the present study, exercise was performed the evening before the meals.  Skeletal muscle LPL 
325 activity peaks ≥ 8 hours after exercise and returns to baseline after approximately 24 hours.27  
326 Thus, it is feasible that exercise-induced increases in LPL activity increased TAG clearance after 
327 the second meal when circulating TAG concentrations peaked.  Another possibility is that insulin 
328 concentrations after the second meal were reduced with exercise.28  This could have increased 
329 skeletal muscle LPL activity, which is decreased by insulin,27 and subsequently led to attenuated 
330 postprandial TAG concentrations.  However, we did not measure insulin and the relationship 
331 between insulin and postprandial TAG after exercise has been challenged.29
332 Several limitations exist for this study.  The aforementioned relevance of using high fat 
333 loads to examine postprandial TAG is questionable when many individuals consume meals 
334 containing smaller amounts of fat along with the use of liquid meals as a fat challenge.  In 
335 addition, this study only used an experimental one versus two meal design shown to elevate TAG 
336 previously.  Nevertheless, future studies need to move toward ecologically relevant designs 
337 where individuals consume a typical three meal pattern of daily foods with normal fat intakes as 
338 the standard control group.  These studies should include mechanistic data (e.g. insulin, 
339 lipoprotein lipase activity) and be conducted in clinically relevant populations, such as 
340 individuals with overweight or obesity, in order to provide a better picture of how meal 
341 frequency and exercise interact to lower postprandial TAG.    
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342   
343 Conclusion
344 In summary, dividing dietary fat into two small meals in the presence of previous exercise 
345 minimized peak postprandial responses and perturbations in postprandial TAG.  Consumption of 
346 a smaller amount of fat attenuated early postprandial TAG concentrations in comparison with a 
347 large bolus of fat, but TAG concentrations were subsequently exacerbated after a second fat 
348 meal.  The additional role of exercise appears to be in minimizing exaggerations in TAG 
349 resulting from ingestion of a second intake of fat.  Future studies should examine how exercise 
350 interplays with smaller fat intakes spread frequently throughout the day on circulating TAG.   
351
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454 Table 1. Physical characteristics of participants
Age (years) 24.4 (2.7)
BMI (kg/m2) 22.3 (1.5)
Waist circumference (cm) 78.7 (5.8)
Body fat (%) 20.3 (3.6)
Peak oxygen uptake (mL/kg/min) 35.4 (4.7)
455 Values are mean (SD), n = 14.
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471 Table 2. Fasting and summary postprandial triacylglycerol (TAG) measures over 7 hours on the 
472 four trials.
1-CON 2-CON 1-EX 2-EX P*
Fasting TAG (mmol/ L)
95% CI†
0.84 (0.30) 0.76 (0.23)
0.1 to 6.1
0.79 (0.31)
-0.6 to 6.1
0.81 (0.34)
-1.2 to 5.9
.104
AUC-TAG (mmol × 7h/L)
95% CI
14.2 (8.3) 12.2 (5.1)
-1.5 to 9.8
11.7 (5.1)a
0.3 to 12.5
11.6 (5.00)a
0.5 to 12.9
.049
iAUC-TAG (mmol × 7h/L)
95% CI
8.3 (6.5) 6.9 (3.9)
-3.9 to 12.6
6.2 (3.4)
-0.9 to 18.5
5.9 (2.8)
-0.2 to 18.9
.065
Peak TAG (mmol/L)
95% CI
3.04 (1.97) 2.49 (1.13)
-0.5 to 12.0
2.43 (1.09)
-0.6 to 14.1
2.33 (1.00)a
1.3 to 15.0
.041
Time to peak TAG (h)
95% CI
3.9 (0.7) 4.9 (0.9)a
-15.1 to -3.5
4.1 (0.9)
-7.5 to 3.2
4.6 (0.9)a
-11.9 to -1.2
.003
473 Values are mean (SD), n = 14.
474 * Two-way repeated measures ANOVA.
475 † 95% confidence interval for the ratio differences.
476 a Significantly different from 1-CON (P ≤ .05).
477
478
479
480
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483 Figure Captions
484 Figure 1. Mean (open rectangles) and individual peak incremental triacylglycerol (TAG) 
485 concentrations over 7 hours after a single high fat milkshake (1-CON, diamonds), two small high 
486 fat milkshakes (2-CON, squares), a single high fat milkshake taken after exercise (1-EX, 
487 triangles) or two high fat milkshakes taken after exercise (2-EX, rosettes). n = 14.  aSignificantly 
488 different 1-CON vs. 2-EX (P = .041).
489
490 Figure 2. Mean triacylglycerol (TAG) concentrations over 7 hours after a single high fat 
491 milkshake (1-CON, diamonds with solid line), two small high fat milkshakes (2-CON, squares 
492 with dotted line), a single high fat milkshake taken after exercise (1-EX, triangles with dashed 
493 line) or two high fat milkshakes taken after exercise (2-EX, rosettes with dot and dash line).  
494 Black arrows indicate milkshake timings.  n = 14.  Main effect of trial, P = .050: 1-CON vs. 1-
495 EX, P = .045; 1-CON vs. 2-EX, P = .037.  Main effect of time, P < .001.  Trial × time 
496 interaction, P < .001: a significantly different 1-CON vs. 2-CON (P ≤ .05); b significantly 
497 different 1-CON vs. 1-EX (P ≤ .05); c significantly different 1-CON vs. 2-EX (P ≤ .05).   
498
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